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(54) Laser diode module 

(57) An LD module is provided in having an LD light 
source having a CAN package structure in which an LD 
chip is incorporated with an LD preservation gas, an op- 
tical fiber on one end of which a convex fiber lens for 
condensing light is formed, and a lens system for cou- 
pling placed between the LD light source and the convex 
fiber lens, wherein the lens system is constituted to be 



capable of forming an image by condensing the LD light 
from the LD chip, and wherein the convex fiber lens is 
located so that a focal point coincides with the image 
forming point of the LD light. According to the LD module 
of the invention, the light coupling efficiency between the 
LD chip and the optical fiber can be improved without 
losing the life span reliability of the LD chip having a CAN 
package structure. 



Fig.i 
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Description 

Background of the invention 
1 . Field of the Invention 



^Li^T'^ "" a,9S 10 * dl ° de ^' eMs ' "l""" >° <*» module and. mo™ panic** lo an 
2. Description of Related Art 

ESSi L ° "J 0 ??® iS 3 m0dU ' e f ° r ° P,iCal telec °^^ication in which an LD light source incorporating an LD chip is 
,h= V , n°f ° ^ ° P,,Cal fiber AS th6 L ° Mght SOUrce ' an LD liah < source having a structure as a CAN pacteoe 

SJSSC an LD ™ on 9as havin9 a component °« an inert ~ - b - 

[0003] With such an LD module, the LD light emrtted from the LD chip is polarized in a prescribed direction and is 

Whe °^ ZV U sTZ e 9 r nerally ' OW ' ^ ,0 C ° mpenSate ,hiS ' thS LD Chip has to be used ^h a .arge output 
When the LD ch.p ,s used w.th a large output, however, the life span of the LD chip is shortened as a current stalus 
thereby rasing a problem of low life span reliability in the LD module 

L°'S*L 1 tn S t a , meanS impr ° ving the °P tical cou P ,in 9 eff '<=iency of the LD module without using the LD chip with a 
large output, forming a convex fiber lens on one end of the optica, fiber for effectively condensing the LD^igh by 

H or I! T 'u ' i9ht To" PfOPOSed (S6e ' JaPanSSe UneXamin6d Paten < Publication (K 9 OKA.) 
,h ! No. 8-86 923 or Japanese Unexamined Patent Publication (KOKAI) Heisei No. 8-5,865) With an LD module o 

cios'l A ,on P "k? 6 ^ 3 toWer ° UtPUt ' S ° that thS Chf P Ca " kee P the S P- reliabX 
COOS] A following problem, however, may occur where an optical fiber having a convex fiber lens is couoled to an 
LD ght source having a CAN package structure. That h. because the convex fiber lens has a ZX^SS^S 
the lens must be ordinarily placed in proximity of 1 to 20 microns from the LD chip. Accorc^Z^^JS^ 
optical fiber, together with the convex fiber lens, must be inserted in the above CAN package Howeve 1 is ve™ dfficJtt 

225 ^T^E to an adequate,y "* stete ™ L end ° f ~ SSI 

ES^?iSS^riJ2 8ed in , C °? Sider f ° f thS 3bOVe Pr0b ' emS - " is an object of the inventi ° n *> Provide an 
LD module capable of improving optical coupling efficiency between an LD chip and an optical fiber wrthout reducina 

Summary of the Invention 

[0007] As a consequence that the inventors of this invention made extensive researches the inventors reached an 
LD module including: an LD light source having a CAN package structure in which an LD c^^SS^ an 
LD preservation gas. an optical fiber on one end of which a convex fiber lens for condensing light is formed and " fens 

o^dt T , fT 30 ' ma9e by condensinQ ,he LD W the LD chip, and wherein the convex ftoertns is 
™, 3 0031 P ° ,nt coincidss with th e image forming point of the LD light 

0008] in a preferred embodiment of the invented LD module, the optical fiber may be a polarized plane maintainino 
de^ 

Direction the LD light source, the optical fiber, and the lens system may be so located that a polarization extinction 
ratio of the LD light transmitting through the polarization maintaining fibe" is equal to or greater thin « > " B the po ar- 
izaton extinction rato may be equal to or greater than 20 dB; the convex fibeMens may L formed to hLe an ienfna 
angle ,n a vertical axis direction perpendicular to the optical axis direction of the optica, fibe^nd an openinq ancle in 
the hor^n T P& * eM < to the optica, axis direction of the opticaffiber wherS the opening angle in 

the horizontal axis direction is different from the opening angle in the vertical axis direction- an anX between the 
llTLT ?; r H an K d 3 ,hr ° U9h ^ 38 3 P° larizati °n maintaining axis perpendicular to the op£^ d!rect on 

may be ze" deoTer,L ** ^T* °' ^ ^ lMm ,he ^ «* directi °" ™« *» through 
twn innioln ^ 9 ' : CO ™ eX f ' ber ' enS ™ V be in 3 sha P e havin ° an a P«; *e convex ™" "ens may be made of 
ST 2 ?rS^ T C ° me ClOSef 10 e3Ch ° ther 38 a PP roachina to a tip of the optical fiber; a ridgeline beteen 
the two inclined planes may not overlap on the vertical axis; the convex fiber lens may be made of a % end Tsu^ace 
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and two inclined continuation planes which intersect with the tip end surface and come closer to each other as ap- 
proaching to a tip of the optical fiber; the tip end surface may be a curving surface; the tip end surface may be a flat 
surface; the tip end surface may not intersect the optical axis direction of the optical fiber with a right angle; at least 
one of the two inclined continuation planes may include a curving surface; the two inclined continuation planes may 
include only flat surfaces; each of the two inclined continuation planes may include an inclined flat surface; a difference 
between an angle formed between one of the inclined flat surface of the convex fiber lens and the optical axis of the 
optical fiber and an angle formed between the other of the inclined flat surface of the convex fiber lens and the optical 
axis of the optical fiber may be equal to or less than 10 degrees; a distance between a line formed by intersecting the 
two inclined flat planes of the convex fiber lens with each other and the optical axis of the optical fiber may be equal 
to or less than 1 micron; an angle between the tip end surface of the convex fiber lens and a plane perpendicular to 
the optical axis of the optical fiber may be of 6 to 15 degrees; an intersecting line between one inclined continuation 
plane of the convex fiber lens and the tip end surface and another intersecting line between the other inclined contin- 
uation plane of the convex fiber lens and the tip end surface may be parallel to each other; an intersecting line between 
one inclined continuation plane of the convex fiber lens and the tip end surface may be located on a tip side more than 
another intersecting line between the other inclined continuation plane of the convex fiber lens and the tip end surface- 
a ridgeline exists which is formed by the two inclined continuation planes of the convex fiber lens; any ridgeline may 
not exist which is formed by the two inclined continuation planes of the convex fiber lens; a width of the tip end surface 
of the convex fiber lens may be narrower than a diameter of a mode field of the optical fiber; the convex fiber lens may 
have an anti-reflecting coating on a surface of the lens; the optical fiber may be a single mode optical fiber; a part of 
the lens system may be incorporated in the light transmission window of the LD light source; an image forming mag- 
nification of the LD light of the lens system may be of 0.5 to 10; the optical fiber may serve as an external resonator 
for stabilizing a center wavelength of the LD light by Bragg reflection of the LD light emitted form the LD chip; effective 
reflection factor K 2 Rg may be greater than reflection factor R of a front end surface of the LD light source where 
reflection factor of the external resonator is Rg and coupling efficiency of the LD light source and the optical fiber is K; 
the center wavelength of the LD light may be of 500 to 1400 nm; the center wavelength of the LD light may be of 700 
to 1000 nm. 

[0009] In another aspect of the invention, an optical fiber having a lens includes a fiber portion, and a convex lens 
formed at an end of the fiber portion, the convex lens having two inclined planes which come closer to each other as 
approaching to a tip of the optical fiber, wherein a ridgeline between the two inclined planes does not overlap on the 
vertical axis. Moreover, according to still another aspect of the invention, an optical fiber having a lens includes a fiber 
portion; and a convex lens formed at an end of the fiber portion and made of a tip end surface with which the vertical 
axis intersects and two inclined continuation planes which intersect with the tip end surface and come closer to each 
other as approaching to a tip of the optical fiber. 

Brief Description of the Drawings 

[0010] The above and other objects and features of the invention are apparent to those skilled in the art from the 
following preferred embodiments thereof when considered in conjunction with the accompanied drawings, in which: 

Fig. 1 is a vertical cross section showing the whole structure of an LD module according to the invention; 

Fig. 2 is a crosswise cross section showing a polarization maintaining fiber as an optical fiber constituting the LD 

module according to the invention; 

Fig. 3 is a perspective view showing an embodiment of an optical fiber having a convex lens constituting the LD 
module according to the invention; 

Figs. 4(a), 4(b), and 4(c) are illustrations showing the optical fiber having the convex lens when seen in directions 
of arrows (A), (B), and (C), respectively, in Fig. 3. 

Fig. 5 is a perspective view showing another embodiment of an optical fiber having a convex lens constituting the 
LD module according to the invention; 

Figs. 6(a), 6(b), and 6(c) are illustrations showing the optical fiber having the convex lens when seen in directions 
of arrows (A), (B), and (C), respectively, in Fig.5. 

Fig. 7 is a perspective view showing yet another embodiment of an optical fiber having a convex lens constituting 
the LD module according to the invention; 

Fig. 8 is a plan view showing a tip end portion of the polarization maintaining fiber in Fig. 2; and 

Fig. 9 is a front view showing a convex fiber lens located at a tip of the optical fiber constituting the LD module 

according to the invention. 
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Description of the Preferred Embodiments 

[0011] Referring to the drawings, an LD module according to the invention is hereinafter described in detail The LD 
module according to the invention, for example, includes at least, as shown in Fig. 1 , an LD light source (1 ) having a 
CAN package structure in which an LD chip (1 A) is incorporated with an LD preservation gas, an optical fiber (2) on 
one end of which a convex fiber lens (2A) for condensing light is formed, and a lens system (3) for coupling placed 
between the LD light source (1 ) and the convex fiber lens (2A) . The LD module according to the invention has a feature 
hat the lens system (3) is constituted to be capable of forming an image by condensing the LD light from the LD chip 

Xhe LD?^ COnV8X ' enS (2A> ^ l0Cated S ° th8t 3 ,OCa ' P ° int (P) C ° inCideS With the ima9e formina P° int <* 
[0012] The LD chip (1 A) of the LD light source is sealed in a CAN (1 B) with the LD preservation gas having a main 
component o an inert gas such as nitrogen gas or the like. The LD chip (1 A) emits an LD light ray having a center 
wavelength of, e.g., 700 to 1,000 nm, preferably 900 to 1,000 nm, more preferably about 980 nm. The output of the 

c^i^STE I 300 T W , T \l e LD N9ht haS an 3SpeCt rati ° ° f about 2 to 5 and is emrtted in an elliptical shape 
outs.de he CAN (1 B) through a light transmission glass (1C) fitted in a light transmission window. The LD light source 

ilifj? 9 t!" 3 cylindrical N 9 ht source holder W ^ere the light transmission glass window (1 C) orients to the one end 
[0013] The lens system (3) is constituted so that the LD light radiated from the LD chip (i A) is condensed to form 
images at a focal point of the convex fiber lens (2A). The detailed structure of the lens system (3) is not specifically 
limited as far as those conditions are satisfied, but ordinarily, the system is made of a pair of convex lenses (3A 3B) 
as shown in Fig. 1 . In Fig. 1 , the pair of the two lenses (3A, 3B) are held within a cylindrical lens holder (7) one end of 
which is welded in advance by laser beam to an end of a ferrule holder (5) on a side of the convex fiber lens (2A) The 
other end of the lens holder (7) is welded by laser beam to an end of the light source holder (4) on a side that the LD 

llyril IS rQOISlSCi. 

[0014] In this LD module of the invention, either of the convex lenses (3A, 3B) of the lens system (3) can be mounted 
in lieu of the light transmission glass (1 C) to the light transmission window of the LD light source (1 ) When such a 

S^ Ure i U8edl Wh ° le ' ength ° f ^ L ° m0dul9 Can be shorte "ed, and the structure can be made compact 
[0015] The magnification rate of the lens system (3) is for example 0.5 to 1 0 times, preferably 1 to 2 times Where 
a corrected magnification rate of the LD light is used for the lens system, it is possible that the mode field pattern of 
the LD chip and the mode field pattern of the fiber lens completely match to each other. 

[0016] The detailed structure of the optical fiber (2) is not specifically limited as far as the a convex fiber lens (2A) 
for condensing the light is formed on one end of the fiber. For example, the optical fiber (2) may be formed of a polar- 
ization maintaining fiber, which is so called to as a PANDA fiber having a circle cross section, and as shown in Fig 2 
it is preferable to have a structure that a core (2C) having a large refractive index is arranged at a center of a clad (2B) 
having a smaller refractive index where stress application portions (2D, 2D) having a circle cross section are prov ded 
on the opposite sties of the core. The optical fiber (2) has a diameter of, e.g., about 125 microns and is generally held 
by a ferrule (6) at a center of the cylindrical ferrule holder (5). 

[0017] The convex fiber lens (2A) preferably has an opening angle in a vertical axis direction perpendicular to the 
optica axis direction of the optical fiber (2) and an opening angle in a horizontal axis direction perpendicular to the 
optical axis direction of the optical fiber wherein the opening angle in the horizontal axis direction is different from the 
opening angle ,n the vertical axis direction. As a representative example, a fiber lens having a structure with an apex 
can be exemplified In this specification, ■ vertical axis" means a axis on a plane perpendicular to the optical axis 
d.rection projected from a center line of the tip end surface (or a ridgeline if no tip end surface exists) . The center line 
on the tip end surface indicates a center line between an intersecting line of the tip end surface and one inclined plane 
and an intersecting line of the tip end surface and the other inclined plane 

[001 8] Fig. 3 is a perspective view showing a fundamental shape of an optical fiber having a typical convex fiber lens 
on a tip side. Figs. 4(a), 4(b), and 4(c) are illustrations showing the optical fiber having the convex lens when seen in 
directions of arrows (A), (B), and (C), respectively, in Fig. 3. It is to be noted that the core diameter is depicted relatively 
in a large size for an illustrative purpose in Figs. 3 to 7. 

S£ 1S L ^ °! ° PtiCal fib6r Sh ° Wn in Fi9 - 3 iS cons,i,u,ed of thr *e facets: two.inclined continuation planes (2F 
2G) which come closer to each other as approaching to the tip of the optical fiber, and a tip end surface (2E) intersec ing 
with the two inclined continuation planes. In Fig. 3, each of the two inclined continuation planes (2F, 2G) is made of a 
sing ,le flat surface (inclined flat surface), but the inclined continuation plane can be made of two or more flat surfaces 
That «, the inclined continuation planes (2F, 2G) can be a continuation surface made of two or more different flat 
surfaces, each having different inclined angles. The two inclined continuation planes (2F, 2G) can be symmetric or 
asymmetric. ' ul 

[0020] In the convex fiber lens in Fig. 3, the angle between the inclined flat surface (2F) and the optical axis fz) is 
equal to the angle between the inclined flat surface (2G) and the optical axis (z). A virtual intersecting line at which the 
two mchned flat surfaces (2F, 2G) intersect with each other is designed to intersect with the optica, axis (z) with a right 
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angle. The angle between the virtual intersecting line perpendicular to the optical axis and the tip end surface (2E) is 
1 5 degrees The intersection lines among the tip end surface (2E) and the two inclined flat surfaces (2F, 2G) are parallel 
to each other. 

[0021] In this invention, notwithstanding the structure shown in Fig. 3, the angles between the inclined flat surfaces 
(2F, 2G) and the optical axis (z) are of 10 to 80 degrees, preferably 20 to 50 degrees, more preferably 30 to 40 degrees. 
In the embodiment shown in Figs. 3 , 4, the angle between the inclined flat surface (2F) and the optical axis (z) is equal 
to the angle between the inclined flat surface (2G) and the optical axis (z), but those angles can be different from each 
other. The difference between the angles can be more than one degree, but preferably 10 degrees or less, more 
preferably 7 degrees or less. 

[0022] It is preferable to set the angles between the inclined fiat surfaces (2F, 2G) and the optical axis (z) according 
to a size of the light source to be coupled and a size of the tip end surface (2E). It is also preferable to set the angles 
as to minimize a problem due to returning light ray in combination of the inclination of the tip end surface (2E). 
[0023] To make higher the coupling efficiency in this invention, it is preferable to render the distance (axial deviation) 
between the optical axis (z) and the virtual intersecting line of the two inclined flat surfaces (2F, 2G) small. The distance 
between the virtual intersecting line and the optical axis (z) is preferably of 1 micron or less, more preferably 0.5 micron 
or less, further preferably 0.3 micron, and the best way is to intersect the virtual intersecting line and the optical axis 
(z) with each other. 

[0024] The tip end surface (2E) intersects with the two inclined flat surfaces (2F, 2G) and an outer peripheral surface 
of the optical fiber, and it is preferable that the optical axis (z) penetrates the surface. The intersecting line between 
the tip end surface (2E) and the one inclined flat surfaces (2F) and the intersecting line between the tip end surface 
(2E) and the other inclined flat surfaces (2G) can be parallel or not parallel to each other. The tip end surface (2E) and 
the outer peripheral surface of the optical fiber can form two intersecting fines as shown in Fig. 3 by intersecting at two 
locations, or can form a single intersecting line as shown in Fig. 5 by intersecting at a single location. 
[0025] If the optical fiber used in this invention is an optical fiber for single mode, the tip end surface (2E) must include 
at least a part of a core cross section. 

[0026] In the optical fiber having a lens according to the invention, a tip end surface (2E) may be perpendicular or 
not perpendicular to the optical axis (z). A preferable design is that the tip end surface (2E) is not perpendicular to the 
optical axis (z). Where such a design is used, reflected light does not return directly to the laser light source because 
of the inclined tip end surface even where a part of the laser light radiated from the laser light source is reflected at 
the tip end surface, so that the laser light source can keep its stability. Therefore, where a design that the tip end surface 
does not intersect with the optical axis with a right angle is used, an anti-reflection coating (AR coating) formed on a 
tip of the fiber may be unnecessary to maintain the stability of the laser light source. The LD module therefore can 
simplify the manufacturing process and reduce the production costs. Alternatively, an anti-reflection coating can be 
formed where the design that the tip end surface does not intersect with the optical axis with a right angle is used, 
thereby surely solving the problem due to reflecting light. 

[0027] When the design that the tip end surface does not intersect with the optical axis with a right angle is used, 
the LD module also solves a problem of returning light. That is, even where light ray proceeding toward the light fiber 
light source is reflected at the tip of the fiber, the reflected light does not return in the fiber as it is because the tip end 
surface is inclined. Accordingly, a signal light going toward an exciting light source of a fiber amplifier may not return 
to the amplifier after reflected at the tip of the fiber. The invented LD module therefore can reduce sources of noises 
greatly and make sure the stable operation of the system such as the fiber amplifier 

[0028] The size and direction of the tip end surface (2E) can be preferably set as to reduce reflections of the laser 
light emitted from the laser light source at the tip end surface and to provide effective reductions of retumina liaht in 
the fiber. y 

[0029] That is, to reduce the laser reflection light, the angle between the tip end surface (2E) and the virtual flat plane 
perpendicular to the optical axis (z) is of preferably 4 degrees or more, more preferably 6 degrees or more, further 
preferably 8 degrees or more. If the angle is equal to or more than 6 degrees, the LD module can keep the linearity of 
the current-optical output characteristics at least until around 60 mW of the laser output at the fiber end, and the module 
can be used without any problem. If the angle is equal to or more than 8 degrees, the module can be used without any 
problem until around 120 mW of the laser output at the fiber end. 

[0030] The angle between the tip end surface (2E) and the virtual flat plane perpendicular to the optical axis (z) can 
realize light reflection loss of -25 dB or less if 4 degrees or more, -40 dB or less if 6 degrees or more, and -50 dB or 
less if 8 degrees or more. In consideration of such relation, it is preferable to reduce returning light within the fiber in 
controlling the angle between the tip end surface (2E) and the virtual flat plane perpendicular to the optical axis (z) to 
be appropriate one. 

[0031] On the other hand, if the angle between the tip end surface (2E) and the virtual flat plane perpendicular to 
the optical axis (z) is too large, the coupling efficiency may become worse and reduce the optical output. The angle is 
preferably 15 degrees or less, more preferably 10 degrees or less, further preferably 6 degrees or less. 
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S f V T° n ° f the tiP 6nd SUrfaC6 (2E) Wi,h res ? ect to the virtua » flat P'ane perpendicular to the 
optical ax.s (z) « not specrf.ca.ly limited. The tip end surface (2E) can be a flat surface formed by rotation of the v^tual 
flat plane perpendicular to the optical axis (z) around the X-axis shown in Fig. 3 as a rotation center or a flat surface 
formed by rotation around the Y-axis shown in Fig. 3 as a rotation center. The surface can be a flat surface rotated 
around an ax.s selected from other than the X-axis and the Y-axis. The structure shown in Figs. 3, 4 has a flat surface 
as a „p end surface, formed by rotation of the virtua. flat plane around the X^xis shown in Fig. 3 as aT te t£n center' 
At that time, an mtersectmg line between one inclined flat surface (2G) and the tip end surface (2E) may be Sated 
on a tp side more than another intersecting line between the other inclined flat surface (2F) and the to end surface 

ST R^r5T 7 n showa? er , 0ne h 0f in,erSSCtin9 ' ine " Pre,erab,y IOCatSd ° n 3 " P Side ™ ^n thVl: 
[0033] Figs. 5 to 7 show a structure hav.ng as a t.p end surface a flat surface formed by rotation around the Y-axis 

shown as a rotation center. In Figs. 5, 6, an intersecting line of the two inclined flat surfaces (2F 2GTappears as a 

r.dgeline on a structure of the optical fiber having a lens. On the other hand, in Fig. 7, an intersecting line ^he two 

.nchned flat surfaces (2F, 2G) does not appear on a structure of the optical fiber having a lens 

[0034] In the embodiments shown in Figs. 3 to 7, any of the inclined continuation planes and the tip end surface is 

l°T ?oLV r ° m T f"^ 68 ' bUt ° nS ° r m ° re SUrfaCeS COnstrtutin 9 the inclined continuation planes and the^end 
surface (2E) may be formed of a curving surface or curving surfaces. Fig. 8 shows a cross section of a convex f.ber 
lens ,n wh,ch a t,p end surface (2E) that fab^^^^ 

by two mchned .at surfaces (2F, 2G). The two boundaries between the tip end surface (2E) as a c^ng su^ and 
he adjacent ,nc nec I surfaces are straight Unes. The direction of a curved surface is defined by a ptoZ^naTe 
two boundar.es for the purpose of the surface direction of such a curved surface ne including the 

f [ Svi^ th ° U9h ^^^"ts shown in Figs. 3to7, any of the embodiments has the tip end surface, an optical 
fiberhavingacon^ 

The ndgehne at wh.ch the two inclined surfaces intersecting with each other pref erab.y does no, over Jonthe veS 



[0036 The manufacturing method for optical fiber formed with a convex fiber lens on the tip of the fiber is no, soe- 
cifically limrted. Th.s .nvention includes any optical fiber manufactured by any method as far as satisfying the cond ittons 
as described ,n the c.a.ms. Now, a preferred manufacturing methodforan optical fiber having a conv^ffberlenTsSn 
in F,g. 3 among optical fibers having convex fiber lenses is described below 

of mV^^ 3 ' fibe J! S C '!T d Pre,erab| y to ,orm a flat surfa ^ perpendicular with respect to the optical axis 
The end o the fiber secured to a holder is subsequently ground in contact with the surface of a grinder or a hone to 
produce a lens (1 ). More specifically, two inclined flat surfaces (2F, 2G) are formed by grinding the fiber end n inc, ning 

rom .hi nt ^ 7 T^** an9leS ** SideS ° n the h0ne Surtace - ™er the ridgeline is fo^edZs 

rom the intersecting line between the two inclined flat surfaces (2F, 2G), the formed ridgeline or the end of the^dqeHne 

Sm nsTecausTa ^ ^ ^ —during an optica. meT^acTel 

fibe lens Because a permis Sl ve error wrth respect to the inclined angle of the tip end surface (2E) can be taken in a 

mtSSn ther< 77 ,d be no hardship in ,his fabrica,ion - Any approp " iate methods 

TM38 Thp ^ S ^ 3 ,abnC !. ,,0n meth0d f ° r the inC ' ined flat SUrfaces < 2F ' 2Q ) and ™« ^rface (2E) 

E! ] h , ' enS C3n 66 Pr0dUCed by ' first - manipulation of one time core setting for determining a center 

hne usee I as a reference and three fabrications for flat surfaces, so that a high fabrication accuracy ^^^be obteined 

Set EST AC °?T 9 l ° 3bOVe manufacturin 9 mathod. the L core setting fabnSST^t?^ 

hlS ?h h 9e " ne 3t Wh ' Ch inC ' ined fl3t SUrtaceS (2F < 2G > intersect with each other, so that the axial deviatfon 
between the ndgehne and the optical axis (z) is of 0.3 micron or less easily. Therefore, the optical fibThaW he 
convex lens can be produced with high production yield and high coupling efficiency 9 

S ^TkT^XT,? th «»TT reSOnat ° r iS R9 8nd C0UP ' in9 6ffiCienCy ° f the LD lj 9 ht s ° u ™ ™« the 
rZ cc^mr Jn, kzT f 9 J R9) re,UmS t0 the LD Chip amon 9 the "a* out P utted the LD light source 
I s til! ^ T , 9 ,S ^ ,0 33 ,hS eff6CtiVe re,leCti ° n ,acton For exam P' e - if t^ coupling efficiency becomes 
effect , T faCt ° r K RQ beC ° meS 2 5 ,im6S - Re9ardin 9 ,he out > ut at the e " d * the mc^Hhe 

sev ^ Ll oeX thf'T^ is K " K x R 9' and ™*» * practica. condition tha, Jg shows 

rZni P , ^ • 31 reSOna, ° r W ° rkS We "' Whi,e the fiber out P ut ° f the module becomes improved 

[0040] In this .nvent.on, rt is preferable to set that the effeCive reflection factor «2Rg is greater than reflection factor 
fl lot a front end surface of the LD light source. The reflection factor R cannot be .owe'red excessively from r^ s o 
Ze ^rL^ T- demandS ° n 8 StrUCtUre ' ^ neCeSSfty that the fiber out P u1 of the module shouW n" be 

a^Ra oHh J T " " ** *" C ° UP ' in9 effi ° ienCy K iS m3de hi S her and *«e ref.ee ion 

tactor Rg of the external resonator is set higher to some extent. 

SJh f The t .°?rf ^ h ? Y Bra " reflection la V er servin 9 as a" external resonator. It is preferable that the LD liqht 
ST n nl "? ( A V S ref ' eCted bV thS Bfa " refleCli0n t0 render stable the center waveiength of the LD I ght 
S^- h 9 ^ fa I 1 P ° lar,Zati0n state of ,he LD «9M and the polarization condition of the LD reflected l^h, do 
no, comcde with each other, me amplifying ra,e o, the LD reflected light from the external resonator within the LD chip 
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is not maximized, so that the intensity of the external resonator may be weakened. The polarization state within the 
fiber is normally changed easily depending on the temperature and the bending state of the fiber. Therefore, the re- 
flection light from the fiber grating changes its polarization state when backing to the LD chip. Accordingly, for the LD 
module of the invention, it is desirable to control the module to keep the polarization state within the fiber. Where the 
polarization state within the fiber is controlled, the stability in locking the wavelength in use of the fiber grating can be 
further improved. More specifically, it is desirable to use a combination for high coupling efficiency by employing a 
polarization maintaining fiber and a fiber lens having a high image conversion function. 

[0043] Exemplified as a polarization maintaining fiber is such that a convex fiber lens formed on a tip has different 
opening angles in the vertical direction and the horizontal direction, and that the angle between the vertical axis and 
the through axis (L) as a polarization maintaining axis connecting the centers of the two stress application portions 
(2D, 2D) in the optical fiber is small (see, Fig. 9). The angle is preferably of 20 degrees or less, more preferably of 10 
degrees or less, further preferably 5 degrees or less. The best angle is zero degree, and at that time, if the through 
axis (L) is made to coincide with the polarization direction of the LD light, the vertical axis of the fiber'lens comes to 
coincide with the polarization direction of the LD light, and the light can be condensed in correcting the aspect ratio of 
the LD light which forms images by the lens system (3), so that the optical coupling efficiency can be maximized. 
[0044] The polarization maintaining fiber is preferably coupled with an LD light source so that the extinction ratio of 
the LD light transmitting the polarization maintaining fiber upon lighting the LD light source becomes a prescribed 
amount or more. A desirable coupling brings extinction ratio of preferably 10 dB or greater, more preferably 20 dB or 
greater, further preferably 30 dB or greater. 

[0045] The assembling method for the invented LD module is not specifically limited, and for example, the module 
can be assembled as follows in use of a special assembling apparatus. The assembling apparatus includes a first 
stage movable in the orthogonal triaxial directions, the optical axis 2 direction, and X, Y directions, in holding, e.g., the 
light source holder (4), and a second stage pivotally movable around the optical axis 2 in holding the lens holder (7) 
welded in advance to the ferrule holder (5), as means for relatively pivotally moving the LD light source (1) and the 
optical fiber (2) around the optical axis and matching the optical axes with each other. 

[0046] The above assembling apparatus includes an analyzer made of a polarization plate supported as to be piv- 
otally movable around the optical axis 2 in facing to the end of the optical fiber (2) held in the ferrule holder (5), a photo 
diode for photoelectron conversion upon reception of the LD light transmitting through the analyzer, an operation unit 
for calculating the extinction ratio based on the detected data from the photo diode, and a motor apparatus for displaying 
the detected data from the photo diode and the calculated extinction ratio. The extinction ratio (dB) is defined as -1 0 
log (B/A) wherein A is the maximum value of the detected data from the photo diode where the analyzer is rotated 
around the optical axis 2 and B is the minimum value of the same. 

[0047] To assemble the LD module of the invention, first, the light source holder (4) is held on the first stage of the 
assembling apparatus, and the lens holder (7) is held on the second stage. The first stage is moved in X, Y 2 directions 
to render the light source holder (4) and the lens holder (7) in-line, thereby contacting the connecting ends of both with 
each other while the optical axes of both are made to coincide with each other. This contact pressure is qenerallv of 
about 0.5 to 3 kgf. 

[0048] Then, after the LD light source (1 ) is turned on, the analyzer is moved pivotally so that the detected data of 
the photo diode shows a maximum value, and subsequently, the analyzer is rotated about 90 degrees so that the 
detected date becomes the minimum value. The extinction ratio can be sought based on the maximum and minimum 
data thus obtained by this manipulation. A targeted extinction ratio is 20 dB or more, preferably 30 dB or more. 
[0049] When the extinction ratio sought by the above manipulation is larger than the targeted value, the lens holder 
(7) is rotated by a prescribed angle (e.g., 3 to 5 angles) with respect to the light source holder (4) by rotating the second 
stage toward the optical axis 2, and subsequently, the extinction ratio is sought again by substantially the same ma- 
nipulation. When this extinction ratio comes closer to the targeted value, the lens holder (7) is further rotated for a 
prescribed angle, but when the extinction ratio goes away from to the targeted value, the lens holder (7) is rotated in 
the reverse direction within a prescribed angle, and the extinction ratio is sought again. Hereinafter, the same operation 
is repeated to position the light source holder (4) and the lens holder (7) around the optical axis so that the extinction 
ratio becomes 20 dB or more, preferably 30 dB or more. That is, the LD light source (1) and the optical fiber (2) are 
positioned to match the optical axis. 

[0050] After work for positioning the LD light source (1 ) and the optical fiber (2) around the optical axis, the LD light 
source (1 ) and the optical fiber (2) are subject to optical axis matching work. This work is done accurately in use of the 
above assembling apparatus by removing the analyzer, receiving, directly by the photo diode, the LD light transmitting 
the optical fiber (2), and very slightly moving the first stage in the X, Y directions so as to make the photo amount the 
maximum. In such a case, after the first stage is manipulated in a very small amount of 30 microns or the like along 
the X axis, the first stage is then manipulated in a very small amount of 30 microns or the like along the Y axis. 
[0051] When the matching work of the optical axes of the LD light source (1 ) and the optical fiber (2) is completed, 
the connecting portion between the light source holder (4) and the lens holder (7) is welded by laser beam to assemble 
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the LD module. 



[0052] The polarization direction of the LD light substantially coincides with the through axis (L) as a oolarbstion 
maintaining axis of the optica, fiber, because the LD module of the invention thus ^^SJSSS 
asser.bl.ng method .s so coup.ed that the extinction ratio of the LD light transmitting the optical fiber (2) by emSon 
from the LD hght source (1) is 20 dB or greater, preferably 30 dB or greater. The polarization direction of theTo S 
substantially co.nadeswrth the vertica. axis of the convex fiber lens (2A) because the tip end surf ^(^extenS 
along he vert.cal ax.s ot the convex fiber lens (2A) is formed to coincide with the through axis (L) connect nq h cenS 
of the two stress application portions (2D, 2D) of the optical fiber (2) connecting the centers 

[0053] According to the LD module of the invention, a very high optical coupling efficiency can be obtained because 
the convex .ens (3A, 3B of the lens system (3) forms images by the LD light emitted from the LD chip "m) and the 
convex fiber lens (2A) o the optical fiber (2) condenses light ray effective* in correcting the aspect ratio Te LD 
module s,nce the opt.cal coupling rate is very high, can remarkably improve the life span reliability by enderinq the 

o *e oot^N " 9ht !7 CUSt ° miZed f ° r Sma " ° UtpUt ThS Brag 9 -flectbn'ayer formed on TeZ ^] 

£t« 1 % ad T a,ely Serve as an external resona tor for stabilizing the center wavelength of the LD 

^^^S^SSST characteristics ,or ta * h » wavelength - and so that - ^ * p- 

[0054] The invention ,s further described next in detail by raising some Examples. Sizes, degrees processino meth- 

%ll*T shown b , e L ow in Examples can be changed as,aras such chan ^ 9° bey ° nd »• SESZ ZS 

Therefore, the scope of the invention is not limited to Examples as described below. 
[Example 1] 



[0055] As shown in Fig. 1, an LD module was produced including an LD light source (1) having a CAN packaae 
structure in which an LD chip (1A) is incorporated with an LD preservation gas, an optical fiber (2) on one e^d of which 
a convex fiber Ions (2A) for condensing light is formed, and a lens system (3) for coupling placed between the LDnS 
source (1 ) and the convex fiber .ens (2A) The lens system (3) was constituted to be capable of forming a Hmaoet 

wrth the 5 '" 9 thS f LD li9hl fr ° m the LD ° hip * 1 A '' and tne convex fiber 'ens (2A) is located sc^at afocal polrt (P) coinckfes 
with the image forming point of the LD light. r^umuoes 

[0056] The LD chip p A) of the LD light source (1 ) was sealed in a CAN (1 B) with the LD preservation qas havina a 
main componen, o, a nitrogen gas. The LD chip (1 A) was dhven w«h 40 to 60 mA, and emitted the LD light of S 

diameter Tl mi™ T ^ 2 ^ ^ *** ^ ° f the LD light Was an e,li P tical havin 9 a major 
d ameter of 5 microns and a minor diameter of 2 microns with respect to (Ve*), and the light ray was radiated in an 

enipt.a shape outside the CAN (1 B) through a light transmission glass (1 C) fitted in the transmiss^window The LD 

lo one end *" " * *** h0lder W whera the light trans ^^ion g.ass ( 1C ) was oriented 

[0057] The optical fiber (2) is made of a polarization maintaining fiber, which is so called to as a PANDA fiber havina 

a SS'iS?? SeC, '° n ' ^ 35 " Fi9 ' 2 ' 3 C ° re (2C) havin9 3 lar 9 e refractive index ™ arranged at a center of 

a clad (2B) having a smaller refractive index where stress application portions (2D. 2D) havinq a circle cross section 

Z^TaTr^ th , 6 ° P r ,te SidSS ° f COre " ,0 Pr ° dUCe ,h6 PO,ariZa,k5n -inning fioe' Th: core ^5 foTmed 
with a Bragg reflect™ layer serving as an external resonator, and the module is structured to stabilze the center 
wavelength of the LD light by the Bragg reflection of the LD light emitted form the LD chip (1 A) The reflect fac o 

c^dnL^ 

Si a S H>! n r eX t,be ?« S <2A) W3S f0rmed t0 have 3 Shape havin 9 an a P ex in ***** tne °Pening angle in the 

I F q p L T ,r ° m ,h8 ° Penin9 ang ' e in ,hS h0ri20n,al 3X15 direction M °«> speedily, as shown 

in F,g. 8 the apex was formed in a stapled form of no degrees, and the tip end surface (2E) extending the vertical 

STrZ Sir !° ^ T" Wi,h 3 radiUS ° f CUrVatUre ° f 5 miCr0nS " The a P ex ° f the * end the convTx 

portions (2D, 2D) of the optical fiber (2). The module was structured to be able to condense the light in correcting the 

^^al^Tr ^ ,0rm8d b / ' enS SySt6m (3) WhNe the V6rtiCal "* of the — Z SnsZ 
S Th , 9 P ° anZ ^° n d,reCtl ° n of the LD The distance of the convex fiber lens was 5 microns 

Ja! !L f y ( } ^ C ° n f titUted ° f 3 Pair ° f COnveX lenses < 3A ' 3B >- and ^e LD light from the LD chip 

mi tL , ' m T 9eS 31 <OCal P ° lm (P) ° f thS COnVeX fiber lens < 2A > ' The ima 9e magnification was 1 3 

k P . K C ° nVeX nS9S (3A ' 3B) W6re he ' d thS Cylindrical ,ens holder < 7 > one « which is welded in 
advance by laser beam to an end of a ferrule holder (5) on a side of the convex fiber lens (2A). The other end of the 

iSSi fTii L l * aSe i be r ,0 a " 6nd ° f thS H9ht S ° UrCe h ° lder on a side that ^ light is rad 2te d 

E fl ' m l ° b , 6 n ° ted tha ,n ,hlS Example and the to'^ing Examples, where the condrtiona. values were specified 
by some numeral ranges, values were selected as to make the coupling efficiency higher in those ranges and executed 
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[Example 2] 



[0061] The LD module was produced in the same manner as those in Example 1 except the shape of the convex 
fiber tens was changed to a shape made of three flat surfaces shown in Fig. 5. In Fig. 5, the angles between two inclined 
flat surfaces and the optical axis were 35 to 45 degrees, and the ridgeline formed by intersecting the two inclined flat 
surfaces was made vertical, where the angle between the tip end surface and the virtual flat plane perpendicular to 
the optical axis was 6 degrees, and where the width of the tip end surface at the core was 1 .0 to 4.0 microns. 

[Example 3] 



[0062] The LD module was produced in the same manner as those in Example 1 except the shape of the convex 
fiber lens was changed to a shape made of three flat surfaces shown in Fig. 5 and the reflection factor'Rg was set to 
5 to 7 % of the front end surface of the fiber grating. In Fig. 5, the angles between two inclined flat surfaces and the 
optical axis were 35 to 45 degrees, and the ridgeline formed by intersecting the two inclined flat surfaces was made 
vertical wfiere the angle between the tip end surface and the virtual flat plane perpendicular to the optical axis was 8 
degrees and where the width of the tip end surface at the core was 1 .0 to 4.0 microns. 



[Example 4] 



[0063] The LD module was produced in the same manner as those in Example 1 except the shape of the convex 
fibei lens was changed to a shape shown in Fig. 5 (but the tip end surface was fabricated to be curved) and the reflection 
factor Rg was set to 5 to 7 % of the front end surface of the fiber grating. In Fig. 5, the angles between two inclined 
flat surfaces and the optical axis were 35 to 45 degrees, and the ridgeline formed by intersecting the two inclined fiat 
surfaces was made vertical, where the angle between the tip end surface and the virtual flat plane perpendicular to 
the optical axis was 9 degrees, where an Ft fabrication for a radius of curvature of 6 microns was made on the tip end 
surface and where the width of the tip end surface at the core was 1 .0 to 4.0 microns. 

[Comparative Example 1] 

[0064] The LD module was produced in the same manner as those in Example 1 except preparation of the optical 
fiber tip of the reflection factor of 3 to 5 % without forming any lens by grinding the optical fiber tip. 

[Comparative Example 2] 

[0065] The LD module was produced in the same manner as those in Example 1 except preparation of the optical 
fiber tip of the reflection factor of 8 % without forming any lens by grinding the optical fiber tip. 

[Experiments] 



[0066] The six type LD modules thus produced were measured for optical coupling efficiency, wavelength locking 
characteristics, interference with returning light, and returning loss and were evaluated. 

[0067] The wavelength locking characteristics was evaluated by searching the temperature range in which the wave- 
length locking could be found where the output of the LD module was set to 60 mW and the temperature was changed 
within a range of 0 to 50 degrees Celsius. At that time, the wavelength locking was found when the output from other 
than the fiber grating deducted by the output of the fiber grating was -6 dB or less. 

[0068] The interference of the returning light was evaluated by searching output areas showing that the LD module 
indicated some practical level at temperature of 25 degrees Celsius. 
[0069] Table below shows the results. 



Table 





Reflection Factor 

Rg 


Coupling 
Efficiency 


Wavelength 

Locking 

Characteristics 


Interference 
With the 
Returning Light 


Return Loss 


Example 1 


3 to 5 % 


78% 


5 to 45 °C 


60 mW or less 


Less than -15 
dB 
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Reflection Factor 

Rg 


Coupling 
Efficiency 


Wavelength 

Locking 

Characteristics 


Interference 
With the 
Returning Light 


Return Loss 


Example 2 


3 to 5 % 


77% 


5 to 45 °C 




Less than -40 
dB 


Example 3 


5 to 7 % 


75% 


0 to 50 °C 


150 mW or less 


Less than -50 
dB 


Example 4 


5 to 7 % 


75% 


0 to 50 °C 


150 mW or less 


Less than -50 
dB 


Comparative 
Example 1 


3 to 5 % 


50% or less 


15 to 35 °C 


120 mW or less 


Less than -50 
dB 


Comparative 
Example 2 


8% 


50 % or less 


15 to 35 °C 


120 mW or less 


Less than -50 
dB 



EL I h ° Ve Tab,e ,ndlcates ,hat the LD m °d"'es of , he invention had higher coupling efficiency, good wave- 
n t ^ ? ara * e , ns,,c f ■ sma,ler interference with the returning light, and the smal.er returning loss On the other 
hand .n the LD modules of Comparative Examples in which no convex fiber lens was formed on the tip end the 
wavelength lock.ng characteristics or the like could not be improved even where the reflection factor was raised ' 



Claims 

1. An LD module comprising: 

an LD light source having a CAN package structure in which an LD chip is incorporated with an LD preservation 
gas, 

an optical fiber on one end of which a convex fiber lens for condensing light is formed' and 
a lens system for coupling placed between the LD light source and the convex fiber iens, wherein the lens 
system is constrtuted to be capable of forming an image by condensing the LD light from the LD chip and 
wherein the convex fiber lens is located so that a focal point coincides with the image forming point of the LD 

2. The LD module according to claim 1 , wherein the optical fiber is a polarized plane maintaining fiber. 

3 ' Tl^^o 6 aC H 0rdi rK 9 t K° Cla ! m 2 ' Wh6rein 3 P° larization maintaining axis of the polarization maintaining fiber 
is placed to coincide with the polarization direction. 

4 ' i rhe t L ?.r i dU ' e f C ° rdin9 t0 °' aim 2 ' Wherein the LD h 9 ht source ' the °P tical fibe '. and the lens system are so 

ZTtoT g %TTnZT cxion ratio of the LD light transmmin9 through the po,ariza,ion maintainin 9 fiber is 

5. The LD module according to claim 4, wherein the polarization extinction ratio is equal to or greater than 20 dB. 

6. The LD module according to claim 2, wherein the convex fiber lens is formed to have an opening angle in a vertical 
axis direction perpendicular to the optical axis direction of the optical fiber and an opening angle in a horizontal 
axis direction perpendicular to the optical axis direction of the optical fiber wherein the opening angle in the hori- 
zontal axts direct.on is different from the opening angle in the vertical axis direction. 

7. The LD module according to claim 6, wherein an angle between the vertical axis direction and a through axis as 
a polarization maintaining axis perpendicular to the optical axis direction of the optical fiber is set 20 degrees or less. 

8. The LD module according to claim 7, wherein the angle between the vertical axis direction and the through axis 

is zero degree. 3 
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9. The LD module according to claim 6, wherein the convex fiber lens is in a shape having an apex. 

10. The LD module according to claim 6, wherein the convex fiber lens is made of two inclined planes which come 
closer to each other as approaching to a tip of the optical fiber. 

11. The LD module according to claim 10, wherein a ridgeline between the two inclined planes does not overlap on 
the vertical axis. 

12. The LD module according to claim 9, wherein the convex fiber lens is made of a tip end surface and two inclined 
continuation planes which intersect with the tip end surface and come closer to each other as approaching to a 
tip of the optical fiber. 

13. The LD module according to claim 12, wherein the tip end surface is a curving surface. 

14. The LD module according to claim 12, wherein the tip end surface is a flat surface. 

15. The LD module according to claim 12, wherein the tip end surface does not intersect the optical axis direction of 
the optical fiber with a right angle. 

16. The LD module according to claim 12, wherein at least one of the two inclined continuation planes includes a 
curving surface. 

17. The LD module according to claim 12, wherein the two inclined continuation planes include only flat surfaces. 

18. The LD module according to claim 17, wherein each of the two inclined continuation planes includes an inclined 
flat surface. 

19. The LD module according to claim 18 : wherein a difference between an angle formed between one-of the inclined 
flat surface of the convex fiber lens and the optical axis of the optical fiber and an angle formed between the other 
of the inclined flat surface of the convex fiber lens and the optical axis of the optical fiber is equal to or less than 
10 degrees. 

20. The LD module according to claim 18, wherein a distance between a line formed by intersecting the two inclined 
flat planes of the convex fiber lens with each other and the optical axis of the optical fiber is equal to or less than 
1 micron. 

21. The LD module according to claim 18, wherein an angle between the tip end surface of the convex fiber lens and 
a plane perpendicular to the optical axis of the optical fiber is of 6 to 15 degrees. 

22. The LD module according to claim 12 : wherein an intersecting line between one inclined continuation plane of the 
convex fiber lens and the tip end surface and another intersecting line between the other inclined continuation 
plane of the convex fiber lens and the tip end surface are parallel to each other. 

23. The LD module according to claim 12 : wherein an intersecting line between one inclined continuation plane of the 
convex fiber lens and the tip end surface is located on a tip side more than another intersecting line between the 
other inclined continuation plane of the convex fiber lens and the tip end surface. 

24. The LD module according to claim 12, wherein a ridgeline exists which is formed by the two inclined continuation 
planes of the convex fiber lens. 

25. The LD module according to claim 12, wherein any ridgeline does not exist which is formed by the two inclined 
continuation planes of the convex fiber lens. 

26. The LD module according to claim 12, wherein a width of the tip end surface of the convex fiber lens is narrower 
than a diameter of a mode field of the optical fiber. 

27. The LD module according to claim 1 , wherein the convex fiber lens has an anti-reflecting coating on a surface of 
the lens. 
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28. The LD module according to claim 1 , wherein the optical fiber is a single mode optical fiber. 

^ ^dowo^'LDThroLce 013 ^ ^ * ^ * *" ^ " »*«* mM " ^ tranSmission 

30 ' ofO S^O 1 "' 6 aCC ° rding l ° ° laim 1 ' Wherein an ima9e formin 9 ^9nification of the LD light of the lens system is 

31. The LD module according to claim 1, wherein the optical fiber serves as an external resonator for stabilizing a 
center wavelength of the LD light by Bragg reflection of the LD light emitted form the LD chip. wao,l,z,n 9 

32. The LD module according to claim 1 , wherein effective reflection factor K 2 Rg is greater than reflection factor R of 
a front end surface of the LD light source where reflection factor of the external resonator is Rg and coupling 
efficiency of the LD light source and the optical fiber is K. wupnng 

33. The LD module according to claim 1 , wherein the center wavelength of the LD light is of 500 to 1 400 nm. 

34. The LD module according to claim 1 , wherein the center wavelength of the LD light is of 700 to 1000 nm. 

35. An optical fiber having a lens comprising: 

a fiber portion; and 

a convex lens formed at an end of the fiber portion, the convex lens having two inclined pianes which come 
closer to each other as approaching to a tip of the optical fiber, 

wherein a ridgeline between the two inclined planes does not overlap on the vertical axis. 

36. An optical fiber having a lens comprising: 

a fiber portion; and 

a convex lens formed at an end of the fiber portion and made of a tip end surface with which the vertical axis 
intersects and two inclined continuation planes which intersect with the tip end surface and come closer to 
each other as approaching to a tip of the optical fiber. 

37. The optical fiber having a lens according to claim 36, wherein the tip end surface is a curving surface. 

38. The optical fiber having a lens according to claim 36, wherein the tip end surface is a flat surface. 

39 " l^^^Z^ nS aCCOrdin9 10 C ' aim ^ Wh6rein 31 ' eaSt °" e ° f ,he tWO incli " ed ~^uation 

^ I^ce? 3 ' fib6r haVinQ 3 ' enS aCC ° rding t0 daim ^ wherein the two inclined continuation planes include only flat 

41 ' IH!ncS flafsHrface 9 * ^ X ° C ' aim *>• Wherein each of the two inc,ined continuation planes includes 

42. The optica, fiber having a lens according to claim 41 , wherein a difference between an angle formed between one 
of the inclined flat surface and the optical axis of the optical fiber and an angle formed between the other of the 
inclined flat surface and the optical axis of the optical fiber is equal to or less than 10 degrees. 

43 ' ITt^* 08 , 1 fib ! r fl h T 9 a lens acc °rding to claim 41, wherein a distance between a line formed by intersecting 
the two inclined flat planes with each other and the optical axis of the optical fiber is equal to or less than 1 micron 

44. The optical fiber having a lens according to claim 36, wherein an angle between the tip end surface and a plane 
perpendicular to the optical axis of the optical fiber is of 6 to 1 5 degrees. 

45. The optical fiber having a lens according to claim 36, wherein an intersecting line between one inclined continuation 
plane and the tip end surface and another intersecting line between the other inclined continuation plane and the 



EP 0 971 252 A2 



tip end surface are parallel to each other. 

46. The optical fiber having a lens according to claim 36, wherein an intersecting line between one inclined continuation 
plane and the tip end surface is located on a tip side more than another intersecting line between the other inclined 
continuation plane and the tip end surface. 

47. The optical fiber having a lens according to claim 36, wherein a ridgeline exists which is formed by the two inclined 
continuation planes. 

48. The optical fiber having a lens according to claim 36, wherein any ridgeline does not exist which is formed by the 
two inclined continuation planes. 

49. The optical fiber having a lens according to claim 36, wherein a width of the tip end surface is narrower than a 
diameter of a mode field of the optical fiber. 
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Fig. 6 
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(54) Laser diode module 

(57) An LD module is provided in having an LD light 
source having a CAN package structure in which an LD 
chip is incorporated with an LD preservation gas, an op- 
tical fiber on one end of which a convex fiber lens for 
condensing light is formed, and a lens system for cou- 
pling placed between the LD light source and the convex 
fiber lens, wherein the lens system is constituted to be 



capable of forming an image by condensing the LD light 
from the LD chip, and wherein the convex fiber lens is 
located so that a focai point coincides with the image 
forming point of the LD light. According to the LD module 
of the invention , the light coupling efficiency between the 
LD chip and the optical fiber can be improved without 
losing the life span reliability of the LD chip having a CAN 
package structure. 
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